The effective field theory of cosmic inflation has been highly constrained by the swampland conditions recently. In brane inflation the Friedmann equation is modified to include an additional parameter λ called brane tension that modifies the slow-roll parameters such that the restrictive swampland conditions can be naturally evaded. We discuss superconformal α-attractor E-models that are consistent with distance conjecture and the further refined de Sitter conjecture. We derive an analytic formulae for n s and r that approximates the accurate results very well. This class of models satisfies various consistency requirements and is also consistent with the Planck 2018 and BICEP2 observational constraints on n s and r.
I. INTRODUCTION
The cosmic inflation is the most favored explanation for the observed large scale homogeneity and isotropy of the universe. Inflation is believed to have taken place at the GUT scale or below and is assumed to be described by the low-energy effective field theories (EFTs) [1] [2] [3] [4] [5] [6] . Such EFTs can only be trusted if they can be successfully embedded in a quantum theory of gravity such as string theory. This subset of EFTs that admits UV completion are said to belong to the landscape while the rest are said to lie in the swampland since such theories when coupled to gravity render quantum gravity inconsistent. For detailed review, please see Refs. [7, 8] . The weak gravity conjecture [9] and related advances in string theory and black hole physics [10] have led to the recently proposed two swampland criteria that can serve as a consistency check on the theory that ensures it to lie in the landscape. The swampland conditions relevant for inflation are as follows:
• Distance conjecture. Distance conjecture restricts scalar field excursions in reduced Planck units (M P = c/8πG = 1) such that, ∆φ < 1.
Whenever ∆φ exceeds 1, an infinite tower of states become exponentially light and the effective field theory description breaks down [11] .
• Refined de Sitter conjecture. In Ref. [12] , de Sitter conjecture was first proposed that forbade both de Sitter maxima and de Sitter minima. Later, when a number of counter examples for de Sitter maxima were reported, a further redefined de Sitter conjecture allowing the maxima but still forbidding the de Sitter minima has been argued [13] ,
where c, c are constants of O(1). Recently, the above relations have been combined into one relation [14] ,
Defining c ≡ V /V and c ≡ −V /V , we can re-write it as
These conjectures have severely constrained the inflationary models in 4-dimensions 1 .
Recently a series of articles have been published to ascertain the effects of swampland conditions on inflationary models .
To explain the observed flat universe, we need roughly N ≥ 50 e-folds that is roughly given by N ∼ 2∆φ/c 2 in the usual 4-dimensional inflationary models. Now for both c and ∆φ to be of the O(1) we cannot get N ∼ 60. This is the root of the problem. In this paper, we show how the above problem of getting enough e-folds is naturally solved in the context of brane inflation.
We have numerically studied the brane inflation employing the potentials given by superconformal attractor E-models. Our results show that observational constraints and Swampland conjectures can be satisfied simultaneously. We considered the observational constraints on scalar power spectrum, scalar spectral tilt n s , tensor-to-scalar ratio r and the running of n s from Planck 2018 and BICEP2 results [43, 44] .
The paper is organized as follows. In Sec. II, we briefly review the effective field theory of brane inflation. In Sec. III, the predictions for the superconformal α attractor E-models are analytically analyzed for the case n = 1. We then discuss the swampland constraints on E-models in Sec. IV. The conclusions are discussed in Sec. V.
II. BRANE INFLATION
In the braneworld cosmology our four-dimensional world is a 3-brane embedded in a higher-dimensional bulk. The Friedmann equation in brane world picture gets modified as [45] [46] [47] [48] 
where λ is the brane tension that relates four-dimensional Planck scale M 4 and fivedimensional Planck scale M 5 as λ = 3 4π
where 
The formula for number of e-folds is
The spectral tilt for scalar perturbations can be written in terms of the slow-roll parameters as
In the Randall-Sundrum model II [50] , the tensor-to-scalar ratio is modified in the highenergy limit as 2 [51] ,
where the tensor and scalar perturbation amplitudes are given by [46, 49, 51 ]
and
In the low-energy limit (V /λ 1), F 2 ≈ 1, we recover the result r = 16 . In the high-energy
Note that the right-hand sides of Eqs. (12) and (13) should be evaluated at the horizon crossing.
III. SUPERCONFORMAL ATTRACTOR MODELS
In Ref. [52] , a broad class of chaotic inflationary models with spontaneously broken conformal invariance was generalized to the class of cosmological attractors with a single inflaton field. In Ref. [53] , the phenomenology of superconformal attractor models, also called Emodels, was discussed. The superconformal α-attractor potentials have the following generic form,
The predictions from these potentials converge to the universal attractor regime with n s = 1 − 2/N and r = 12α/N 2 that correspond to the central value in the observational n s -r plane. However, in brane inflation the predictions change drastically as we will see below.
For a particular E-model with fixed n we have three parameters: α, V 0 , and λ. On the other hand, the slow roll parameters in Eqs. (7) and (8) are functions of α and V 0 /λ only, so the scalar spectral tilt n s and the tensor-to-scalar ratio r also depend only on α and
To take an example, we discuss the case with n = 1, the superconformal α-attractor potential is
For convenience, we introduce
Then we express and η in terms of w(φ) and λ in the high-energy limit (i.e. V /λ 1) as
The e-folding number in the high-energy limit is given by
The amplitudes for the scalar and tensor perturbations become
where the tensor-to-scalar ratio remains r = 16A 2 t /A 2 s = 24 . We note that η = [1 − exp(βφ)/2] < , where β = 2/3α, and there is no real solution for η = −1, so the end of inflation condition is = 1. We solve (φ end ) = 1 and obtain the following positive real solution,
where w 0 = V 0 /λ. After integrating Eq. (21) we obtain
We assume exp(−βφ * ) 1 at the horizon crossing of mode k = 0.05Mpc −1 and neglect exp(−2βφ * ) and exp(−βφ * ) terms. Therefore we obtain the analytical solutions for φ * (N )
where W (x) and W −1 (x) are the upper branch and lower branch of the Lambert function respectively that satisfy the equation W (x)e W (x) = x and
Since the upper branch solution W (x) does not satisfy our assumption exp(−βφ * ) 1 so we take only the lower branch of Lambert function W −1 (x) as our solution. Substituting the results into n s and r, we get
In the large N limit, W −1 ≈ −8N λ/(9αV 0 ), so we obtain
In the high energy limit V 0 /λ 1, the brane correction increases the tensor to scalar ratio by a factor V 0 /λ, so V 0 /λ cannot be too large. On the other hand, from Eq. (26) we see that the approximation exp(−βφ * ) breaks down if V 0 /λ goes to infinity. If we take α = 2αV 0 /(3λ), then the attractor in the brane world is the same as that in standard cosmology.
As discussed above, in the low energy limit as V 0 /λ → 0, we recover the standard results discussed in Ref. [54] . In particular, taking the large N limit we get,
From Eq. (26), we see that W or W −1 depends on αw 0 = αV 0 /λ. Thus our independent parameters α and V 0 /λ become degenerate. The effect of decreasing the value of α is the same as that of increasing V 0 /λ. Hence we obtain a single curve instead of an area in the To check the accuracy of the analytical approximations (28) and (29), by varying V 0 /λ, we plot the results for α = 0.01 with cyan-dashed lines in Fig. 1 . In particular, the crosses from bottom to top denote the results for V 0 /λ = 1, 10, 100, 1000 respectively. The analytical solutions deviate from the numerical ones when the ratio V 0 /λ becomes either very large or very small. This is easy to understand for V 0 /λ 1 as this is the low energy limit where high energy approximation breaks down. As for V 0 /λ 10 3 our assumption exp(−βφ * ) 1 does not hold. One interesting point is that even if the analytical approximation for V 0 /λ is not good, but it still stays on the line given by the numerical result. The reason is due to the degeneracy between α and V 0 /λ in Eq. (31), the cyan cross corresponding to the point α = 0.01 and V 0 /λ = 1 does not approximate the model well, but it actually approximates the model with α = 0.1 and V 0 /λ = 10 well, this also explains why the analytical line with α = 0.01 coincides with the numerical lines with different α when V 0 /λ is small. We conclude that the analytic solutions (28) and (29) 
IV. CONSTRAINTS FROM SWAMPLAND CRITERIA
The swampland conjectures, in particular the distance conjecture ∆φ < 1 puts a strong constraint on the parameters in the model. Fig. 2 shows the numerical results for the Emodel with n = 1. In principle we have two parameters to vary that would have swept an area, however as explained in Sec. III that only the product of the two parameters matters in the high-energy limit and the parameter V 0 /λ decoupled in the low energy limit. We thus expect a single curve in the domain where our approximation works well. The result shown in Fig. 2 we have two parameters to vary because they become degenerate. For any fixed value of α, the larger the ratio V 0 /λ the larger the tensor-to-scalar ratio r becomes and vice versa. For the superconformal E-modl with n = 1, the distance conjecture and n s -r constraints imply α 0.3.
By choosing α = 0.02, Fig. 3 shows the observables n s and r for the superconformal E-models with n = 1, 2, 3, 10, 100, 1000. The general behaviour is similar to n = 1 case as we get a single curve for each model and they all converge to the attractor solution in the low energy limit. and BICEP2 results [43, 44] and the numerical results for the superconformal E-models with n = 1, 2, 3, 10, 100, 1000 in brane infaltion. 
V. CONCLUSIONS
We derive the analytical expressions for the observables n s and r for the superconformal attractor E-models in braneworld scenario in the high energy regime. In the low energy limit, the brane contribution is negligible, we recover the results in standard cosmology. In the large N limit, the result for brane inflation in the high energy rgime is the same as that in the low energy limit if we identify the parameter α with α = 2αV 0 /(3λ).
We study swampland conditions in braneworld scenario for the superconformal attractor E-models. We find that the distance conjecture severely constrains the parametric space for E-models. For the case with n = 1 it restricts α to be less than ∼ 0.3. Similarly for other models the distance conjecture is an important constraint to squeeze the parametric space. We also find that the further refined de Sitter conjecture (4) can be easily satisfied for superconformal attractor E-models.
In conclusion, the models satisfy the swampland conditions and are consistent with Planck 2018 and BICEP2 constraints on n s and r. 
